Weyl semimetals are crystalline solids that host emergent relativistic Weyl fermions and have characteristic surface Fermi-arcs in their electronic structure. Weyl semimetals with broken time reversal symmetry are difficult to identify unambiguously. In this work, using angle-resolved photoemission spectroscopy, we visualized the electronic structure of the ferromagnetic crystal Co3Sn2S2 and discovered its characteristic surface Fermi-arcs and linear bulk band dispersions across the Weyl points. These results establish Co3Sn2S2 as a magnetic Weyl semimetal that may serve as a platform for realizing phenomena such as chiral magnetic effects, unusually large anomalous Hall effect and quantum anomalous Hall effect.
The past decade has witnessed exciting progress in condensed matter physics: relativistic phenomena can be simulated in easily available tabletop materials (1) (2) (3) (4) (5) , and the principles of topology can be used for the discovery of materials with exotic physical properties (3) (4) (5) .
One such class of materials are Weyl semimetals (WSMs), which host emergent Weyl fermions in the bulk and surface Fermi-arc (SFA) states that connect the Weyl points of opposite chirality (6) (7) (8) (9) (10) (11) . This can give rise to unusual physical phenomena (12) (13) (14) (15) (16) , and even inspire theoretical progress (17) (18) (19) (20) . In solids, WSMs can exist in crystals that break the time reversal symmetry (TRS) (5, 6, 21, 22) , inversion symmetry (IS) (7) (8) (9) (10) (11) 23) , or both (24) . Compared with the IS-breaking WSMs (9) (10) (11) (25) (26) (27) (28) , the TRS-breaking WSMs provide a playground for the interplay between magnetism, electron correlation and topological orders, which can give rise to rich exotic quantum states ( Fig. 1A ) ranging from quantum anomalous Hall (QAH) effects to Axion insulators (5, 6, (29) (30) (31) .
TRS-breaking WSMs have other preferred properties. For example, chiral anomaly is easier to observe in materials that have only two Weyl points (5, 32) , which is possible only in TRS-breaking WSMs (Fig. 1B (i) ); by contrast, time-reversal invariant IS-breaking WSMs have a minimum of four Weyl points ( Fig. 1B (ii) ), (5) ). Additionally, by preserving the IS, the energies of a pair of Weyl points in a TRS-breaking WSM are required to be the same (5), making it possible to realize the true nodal WSM phase when the Fermi energy coincides with the Weyl nodes. Finally, the TRS-breaking WSMs are attractive for spintronics applications, as the enhanced Berry curvature, together with its intrinsic magnetism, may lead to unusually large anomalous Hall conductivity (AHC) and the anomalous Hall angle (AHA) (33, 34) .
However, despite the many proposed candidates (6, 21, 22, (35) (36) (37) (38) , unambiguous and direct experimental confirmation of TRS-breaking WSMs remains challenging.
Recently, a ferromagnetic Shandite Co3Sn2S2 was proposed to be a TRS-breaking WSM with three pairs of Weyl points in its 3D Brillouin zone (BZ) (33, 39) . The transport measurements have demonstrated an unusually large AHC and large AHA (33, 34) in this material, making it a promising magnetic WSM candidate. The electronic band structure obtained from theory has shown similarity to experiment (34); however, direct evidence for WSMs, such as the existence of bulk Weyl points with linear dispersions, and the SFAs, is still missing. Here we used angle-resolved photoemission spectroscopy (ARPES), to systematically study the electronic structures of single-crystal Co3Sn2S2 and observed the characteristic SFAs and the bulk Weyl points in the ferromagnetic phase. These findings, further supported by excellent agreement with ab initio calculations, confirm the TRS-breaking WSM phase in Co3Sn2S2, and provide important insights for the understanding of its exotic physical properties (see discussion in (40) for details). The TRS-breaking WSM phase in Co3Sn2S2 (Fig. 1D) is caused by the joint effects of crystal field, ferromagnetism (FM) and the spin-orbital coupling (SOC): the crystal field first mixes the valence band (VB) and conduction band (CB) to form four-fold degenerate nodal lines (black curve in Fig. 1D (ii)); subsequently, the degeneracy of the nodal line is lifted ( Fig. 1D (iii), green curve) by the FM transition that breaks the TRS; finally, spin-orbit coupling (SOC) splits the doubly degenerate nodal line in Fig. 1D (iii) into a pair of Weyl points with opposite chirality ( Fig.   1D (iv)). According to recent ab initio calculations for this material (33, 39) , there are three pairs of Weyl points within each bulk BZ connected by the SFAs (Fig.1E ).
To study the electronic structure of Co3Sn2S2 and its magnetic Weyl semimetal nature, we synthesized high-quality crystals with flat, shiny, cleaved surfaces (40) . The temperature dependent transport ( Fig. 1F ) and magnetization measurements ( Fig. 1F , inset) clearly illustrate that an FM transition occurs at a critical temperature TC = 175 K with a hysteresis loop (for additional characterization, see (40) .
The overall band structure of Co3Sn2S2 obtained through ARPES is summarized in Fig. 2 .
The experimental stacking plots of constant energy contours of the electronic bands at different binding energies ( Fig. 2A) show sophisticated structures and their evolution with energy. To understand these rich details, we carried out ab initio calculations (see details in (40)) for the bulk electronic bands for comparison. As shown in Fig. 2 , B to D, the experimental results and calculations show nice overall agreement, except for the triangle-shape Fermi surface (FS) pieces around the K and K points, which were observed in experiments (see Fig. 2C ) but absent in the bulk calculations. These unusual FS pieces, as we will demonstrate below, arise from the topological surface states which will result in characteristic SFAs.
After establishing the overall correspondence between the experimental and calculated (bulk) band structures, we now focus on the vicinity of the triangle-shaped FSs by performing fine ARPES mapping with high resolution to study their detailed geometry and to search for the unusual SFAs, the unique signature of the WSM.
According to our calculations (see Methods section in (40) for details), the SFAs in Co3Sn2S2 are located around the K of the BZ (Fig. 3A (i In addition to the FS topology, we can study the dispersions of the topological surface states (TSSs) that result in the SFAs discussed above (see Fig. 3B ). The dispersions of the TSSs from different photon energies are in good agreement with calculations ( Fig. 3C) . Indeed, the photon energy dependent ARPES measurements ( Fig. 3D) show the characteristic vertical dispersionless FS with respect to the photon energy (and thus also kz), unambiguously confirming the surface nature of TSSs (Fig. 3C ) and the triangle-shaped FS pieces (in Fig. 3B ; more discussion on the surface Fermi-arc states can be found in (40) ).
With the SFAs identified, we next searched for the characteristic bulk Weyl fermion dispersion. For this purpose, we carried out broad range (50 -150 eV) photon energy-dependent ARPES measurements (see (40) for details) to precisely identify the kz momentum locations of the Weyl points ( Fig. 4A (i) ). In Fig. 4A (ii), bulk bands with strong kz dispersion can be seen in the ky-kz spectra intensity map (in contrast to the TSSs without kz dispersion in Fig. 3D ), agreeing well with our calculations (overlaid in red on Fig. 4A (ii) ). The measured dispersions along two different high-symmetry directions show good overall agreement with calculations (see Fig. 4B ; more discussion on the comparison can be found in (40) ). Fig. 4 , A and B allows us to identify the bulk Weyl points in Co3Sn2S2, which lie at kz = ±0.086 Å -1 planes (Fig. 4A (i) ) and can be accessed by using 115 eV photons (corresponding to kz = −0.086 Å -1 in Fig. 4A ). To precisely locate the in-plane momentum loci of the Weyl points, we first performed kx-ky FS mapping ( Fig.   4C (i)) of the band structures across the surface BZ, and then we focused on band dispersions that cut through the Weyl point (see the cutting plane in Fig. 4C (i) ).
The agreement between experiments and calculations in
Indeed, the measured bulk band dispersion is linear, matching the calculations (red curve in Fig. 4C (ii) ). However, because the Weyl points are located at an energy~50 meV above the Fermi level (EF) for the undoped sample (see Fig. 4C (ii)), to observe the band crossing at the Weyl point, we introduced in-situ electron doping using an alkaline metal dozer ( Fig. 4D , see (40) for details) and successfully raised EF to the Weyl points. As illustrated in Fig. 4E , with the lifting of EF, spot-like FSs (i.e. the Weyl points) emerge (see Fig. 4E (i); at this photon energy, the FS mapping only cuts across three bulk Weyl points at kz = −0.086Å -1 plane, as shown in Fig. 4A (i) ). Fig. 4E (ii) The measured band now shows a linear dispersion across the Weyl point, agreeing well with the calculations (red curves overlaid). The calculated bandwidth was renormalized by a factor of 1.43 and the energy position was shifted to match the experiment. The data were recorded at 10 K.
The band dispersion in

